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Characterizing the Interaction of Human CD4 and the HIV-1 accessory
Protein VpU using Liquid State NMR
Sameer K. Singh, Luis Mo¨ckel, Marc Wittlich, Dieter Willbold,
Bernd W. Koenig.
Human CD4 is a 433 residue transmembrane protein involved in the body’s
adaptive immune response. The extracellular domain of CD4 serves as pri-
mary receptor of the human immunodeficiency virus (HIV-1) and binds the
viral glycoprotein gp120. The cytoplasmic domain of the 81 residue Virus
protein U (VpU) plays an important role in downregulation of CD4. It di-
rectly binds the cytoplasmic domain of CD4 in the endoplasmic reticulum,
which initiates a series of events resulting in CD4 degradation in the protea-
some. We characterized the CD4 - VpU interaction by liquid state NMR
spectroscopy utilizing paramagnetic relaxation enhancement (PRE). The
PRE effect is a distance-dependent enhancement of the spin relaxation in
magnetically active nuclei in the vicinity of a paramagnetic centre. PRE
leads to line broadening or complete quenching of NMR signals and indi-
cates spatial proximity to the probe. We recorded NMR spectra of the
15N-labelled cytoplasmic domain of VpU in the presence of varying
amounts of a single-cysteine-mutant of CD4(372-433), which was labelled
with the active PRE-probe, methanethiosulfonate (MTSL). This CD4 poly-
peptide contains the single transmembrane and the C-terminal cytoplasmic
domain of CD4. Experiments were conducted in membrane-mimicking do-
decyl phosphocholine (DPC) micelles. Spectra recorded in the presence of
paramagnetic MTSL show reduced NMR signal intensities of certain amino
acids of 15N-labeled VpU. Additionally, we studied chemical shift perturba-
tions (CSP’s) of VpU resonances observed on titrating increasing concentra-
tions of unlabelled CD4. Such chemical shift changes are expected for
residues in the binding interface but may also occur at remote sites due to
allosteric effects. Our data reveal VpU residues involved in CD4 binding,
provide insight into the exchange regime, and yield an estimate of the bind-
ing affinity.
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Structural Studies of RNase H Domain to Develop HIV-1 Reverse
Transcriptase Inhibitors using Solution NMR
Lakshmi Menon, Qingguo Gong, Jinwoo Ahn, Michael A. Parniak,
Rieko Ishima.
The Human immunodeficiency virus (HIV) reverse transcriptase (RT) is a bi-
functional enzyme having DNA polymerase activity and the ribonuclease
(RNase H) activity. Although inhibitors that target the polymerase site are clin-
ically available, no effective RNase H inhibitor exists. To screen RNase H in-
hibitors, an isolated RT RNase H fragment, p15-EC, that has insertion of
a alpha-helical substrate-binding loop derived from Escherichia coli RNase
HI has been often used (Keck &Marqusee, 1995). It is important to structurally
characterize interaction of the p15-EC with Mg2þ and/or inhibitors. In partic-
ular, the intact RT RNase H domain fragment has been expected to undergo sig-
nificant conformational changes upon Mg2þ interaction and exhibits different
dynamics upon slight mutations (Pari et al., 2003). Thus, we have used a series
of 1H-15N Heteronuclear Single Quantum Coherence (HSQC) experiments in
combination with three-dimensional solution NMR experiments to clarify
whether the p15-EC shows similar structural features to that of the intact RT
RNH domain. We also identified the binding site of one of inhibitors, and com-
pared Mg2þ effects on the inhibitor interaction.
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Studies of HIV-1 Gag Protein Assemblies by Solid-State MAS NMR
Spectroscopy
Christopher L. Suiter, Guangjin Hou, Yun Han, Jinwoo Ahn,
Angela Gronenborn, Sherimay Ablan, Eric Freed, Tatyana Polenova.
During virus release from the infected cell, the Pr55Gag polyprotein is
cleaved by the viral protease into the major structural Gag proteins of
HIV-1. Gag is composed of three major domains: matrix (MA), capsid
(CA), and nucleocapsid (NC). Gag also contains two small spacer peptides
SP1 and SP2, and a C-terminal p6 domain. When assembled in the presence
of RNA, Pr55Gag forms spherical assemblies that are structural analogous
to immature virus-like particles (VLPs) 1. In this work we introduce solid
state (MAS) NMR spectroscopy to study the structure of assemblies formed
by a 40-kDa construct of the Gag polyprotein in which the p6 domain and
a 75 amino acid stretch of the MA domain have been removed. This Gag
PRR400 construct assembles into well-defined spherical VLPs very similar
to those formed by the full-length Gag. The initial results demonstrate the
feasibility of high-resolution structural studies of VLP assemblies by
MAS NMR.
1. StephenCampbell,AlanRein. (1999), Journal ofVirology, 73, pp. 2270-2279.3272-Pos Board B377
Characterization of Functional and Structural Domains in the Adaptor
Protein LMO7 and their Interactions with Proteins at the Adherens
Junctions
Justin C. Baker, Jun Li, Shannon C. Banning, Pradeep R. Rajasekaran,
Janelle M. Owens, Fernando F. Cuadrado, Yuanxiufu Cao,
Justin M. Hennings, Mateo C. Houle, Tori L. Nosovitsky,
Catherine A. Carney, Gabriela C. Pe´rez-Alvarado.
The adaptor protein LIM domain only-7 (LMO7) has a role in stabilizing the
communication between the cadherin and nectin associated complexes in the
cell-to-cell adherens junctions through its association with alpha-actinin and
afadin.[1] In the nucleus, LMO7 interacts at the nuclear envelope with the pro-
tein emerin, and also regulates the transcription of genes important for heart,
muscle and retina formation.[2] The structure of domains in LMO7 associated
with the molecular recognition are being studied using Nuclear Magnetic Res-
onance (NMR) spectroscopy, molecular biological, biochemical and biophysi-
cal methods. These studies are providing information to further our
understanding of the protein-protein assembly process.
The alpha-actinin-binding domain in LMO7 contains two subdomains that are
N-terminal to a PDZ domain, and the afadin-binding domain consists of a LIM
domain. SDS-PAGE electrophoresis, analytical reverse phase HPLC, mass
spectrometry and NMR were used to characterize these domains. In order to
determine the minimal regions of alpha-actinin and afadin that interact with
LMO7, several proteins containing different domains of afadin and alpha-
actinin were expressed and purified. The mechanism of protein-protein com-
plex formation is being characterized using a combination of analytical gel fil-
tration with NMR spectroscopy methods.
1. Ooshio et al. (2004) J. Biol. Chem. 279, 31365-31373.
2. Holaska et al. (2006) Hum. Mol. Genet. 15, 3459-3472.
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Backbone Dynamics Studies of Mammalian Dynactin CAP-Gly Domain by
Solid-State NMR
Si Yan, Alexander J. Vega, John C. Williams, Tatyana Polenova.
Dynactin is a multisubunit microtubule-associated protein complex functioning
in retrograde transport, and binds to microtubules via the CAP-Gly domain of
its p150Glued subunit. We have recently reported solid-state NMR investiga-
tions of CAP-Gly free and in complex with microtubules.1 Mutations in the
CAP-Gly domain of the p150Glued subunit of dynactin are associated with neu-
rological disorders, and little has been known about what gives rise to the path-
ogenicity associated with these mutations. We have discovered recently that
several neurologically related mutants, surprisingly, do not show altered bind-
ing to microtubules while their global fold and stability are perturbed with re-
spect to the wild type protein.2 We hypothesize that backbone dynamics of
CAP-Gly domain of dynactin may be an important determinant of its interac-
tion with microtubules, and therefore understanding the internal motions in
free CAP-Gly and in CAP-Gly/MT complex may provide insights into the
regulation mechanisms of CAP-Gly function. Here, we present site-specific
measurements of 15N-1H dipolar and 15N CSA lineshapes of CAP-Gly by
solid-state NMR spectroscopy at different temperatures, using R181
7 and
ROCSA recoupling sequences.3,4 The CSA and dipolar order parameters de-
rived from lineshapes by numerical simulations indicate different backbone
mobility for the different residues of CAP-Gly; strong correlation between
the variation of dipolar order parameters with temperature and the secondary
structure is observed.
References
1. S. Sun, A. Siglin, J. C. Williams, T. Polenova (2009) J. Am. Chem. Soc., 131
(29), pp. 10113-10126.
2. S. Ahmed, S. Sun, A. E. Siglin, T. Polenova, J. C. Williams (2010) Biochem-
istry, 49 (25), pp. 5083-5085.
3. J. Yang, M. Tasayco, T. Polenova (2009) J. Am. Chem. Soc., 131 (39), pp.
13690-13702.
4. J. C. Chan, R. Tycko (2003) J. Chem. Phys. 128, pp. 8378-8389.
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Solution Structure Determination of Norwalk Virus 3C-Like Cysteine
Protease
Daisuke Takahashi, Yunjeong Kim, Kyeong-Ok Chang,
Asokan Anbanandam, Om Prakash.
Noroviruses are the leading cause of acute food- or water-borne gastroen-
teritis outbreaks in humans with an estimated 23 million annual cases in
the US alone and show high diversity with at least five genogroups (GI-
GV). Norwalk virus (NV) is a prototype strain classified as GI strain. Nor-
oviral RNA genome is composed of three open reading frames (ORFs), and
the ORF1 encodes a polyprotein that is cleaved by the viral 3C-like cyste-
ine protease (Pro) into 6 non-structural proteins, which makes the Pro as an
606a Wednesday, March 9, 2011essential component for the viral replication as well as an attractive target
for antiviral drug development. The specificity of NV Pro depends on the
primary sequence of the cleavage site where the Q/G at P1/P1’ position
of a polyprotein peptide is preferentially cleaved followed by E/A or E/G
as a secondary sites. X-ray crystallographic studies also show that NV
Pro adopts a serine protease-like fold containing two b-barrel domains sep-
arated by a cleft within which lie the active-site catalytic residues. In addi-
tion to the active site, it was suggested that mutual conformational
rearrangement of Pro/peptide binding site plays a pivotal and common
role in efficient substrate recognition of Pro from different genotypes, GI
and GII. These findings lead us toward the development of substrate-
based peptidemimetic inhibitors with broad-spectrum activity. We are using
solution NMR spectroscopy to solve the solution structure of NV Pro and
investigate the interaction mode of NV Pro and inhibitor(s) in parallel
with in vitro assay using a fluorescent substrate derived from the natural
cleavage site of NV. Here we will present the solution structure of NV
Pro solved by NMR spectroscopy. Preliminary results on structural and dy-
namical characterization of the protease-inhibitor interaction will also be
presented.
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Structural Characterization of the Zinc Finger Domain of Cytoplasmic
Polyadenylation Element-Binding Protein
Daniel Merkel, Bryce Hilburn, Sarah Wells, Stephanie Geiser,
Haley Hoover, Oluwatobi Ajoku, Brian Lee.
Cytoplasmic polyadenylation element-binding protein (CPEB) is an impor-
tant factor in translational regulation of oogenesis, cellular senescence and
synaptic plasticity. It does this by regulating a poly(A) tail elongation
through interactions with a number of other proteins. The region of
mRNA that CPEB binds to is a uracil rich region known as the cytoplasmic
polyadenylation element (CPE). The carboxy terminal region of CPEB is
composed of three regions that are required for CPE recognition and binding
within the 3’ UTR of mRNA. It has two RNA binding domains and a zinc
finger motif. The zinc finger region contains six cysteine and two histidine
amino acids that are highly conserved throughout many species. The con-
served residues suggest the presence of a zinc finger structure containing
two zinc ions. The zinc finger region of CPEB does not seem to be homol-
ogous with any know zinc fingers. We are currently in the process of struc-
tural characterization using NMR techniques.
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Domain Structure of the Major Allergen Ovomucoid by Solution NMR
Natalie E. Stenzoski.
Domain Structure of the Major Allergen Ovomucoid by Solution NMR
Natalie E. Stenzoski, Gugsa W. Gebriel, Bruce D. Ray, Horia I. Petrache
The interest in the ovomucoid protein is twofold. First it is a protein of inter-
est for medical studies due to its potent allergen activity. Second, as a special
variety of glycosylated protein (Kazal family), it allows us to explore the role
of protein glycosylation for a particular or model case. Glycosylated proteins
are commonly secreted by tissues as signaling agents. For example, the serpin
family serine proteinase inhibitor, a-1 proteinase inhibitor (A1AT/ a-1 anti-
trypsin) regulates trypsin. Recent research in our laboratory indicates that
A1AT interacts with lipid membranes and affects ionic currents through
the membrane. In contrast, ovomucoids do not. This difference in membrane
interaction is expected to have a structural cause. However, very little overall
structural data is available. The nature, location, and orientation of the glyco-
syl groups are determining factors in protein-membrane interactions and are
deeply involved biological effects of glycosylated proteins, including effects
on ion transport. We use solution NMR spectroscopy to determine the struc-
ture of the chicken ovomucoid protein, taking advantage of the division of its
structure into three stable domains of 55-65 amino acids each. We present re-
sults on the protein purification steps and isolation of separate domains and
the models of individual domains and overall protein structure from the anal-
ysis of NMR spectra.
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Solution Structure of a Central Domain of the Conjugative Transfer
Protein TraI
Nathan T. Wright, Joel F. Schildbach.
TraI, the F plasmid-encoded nickase, is a 1756 amino acid protein essential
for conjugative transfer of F plasmid DNA from one bacterium to another.
While crystal structures of N- and C-terminal domains of F TraI have been
determined, central domains of the protein are structurally unexplored. These
middle domains (between residues 306 and 1500) are known to both bindsingle-stranded DNA (ssDNA) and unwind DNA through a highly processive
helicase activity. Of this central region, the more C-terminal portion (~900-
1500) appears related to helicase RecD of the E. coli RecBCD complex.
The more N-terminal portion (306-900), however, shows limited sequence
similarity to other proteins. In an attempt to define the structure of well-
folded domains of this middle region and discern their function, we have iso-
lated stable regions of TraI following limited proteolysis. One of these
regions, TraI (381-569), was identified and shown to be well-folded in solu-
tion via NMR. Here, we present the high resolution solution structure of this
region. We show that, like the 900-1500 region, 381-569 is part of a RecD-
like fold. We also show where the 381-569 region is located relative to the
rest of the protein via a series of SANS and SAXS experiments. Together,
these data provide structural explanations to several questions about the exact
mechanism of TraI-dependant plasmid transfer.
3278-Pos Board B383
Application of Magnetic Resonance for Metabolomic Investigation of
Mollusks
Andrey P. Tikunov, Haakil Lee, Michael K. Stoskopf,
Jeffrey M. Macdonald.
Metabolites, as the end products of metabolism, represent the functional re-
sponses of a cell. Their characterization can provide insight into the underly-
ing mechanisms of genomic or environmental actions on metabolism. The
aquatic environment is varied and dynamic, providing a vast diversity of
physical and chemical challenges to metabolism, making the study of the me-
tabolites of mollusks particularly fruitful for scientists interested in compar-
ative physiology, pharmacology and toxicology. Organ specific metabolic
fingerprints can establish time dependent assessments for interpreting func-
tional adaptations to environmental and nutritional challenges using either in-
vasive tissue extraction from multiple individuals or non-invasive
longitudinal observation of the same individual. NMR spectroscopy and mag-
netic resonance imaging (MRI) permit non-invasive monitoring of the
metabolome.
The mollusks are a useful, robust model organism for tissue metabolism stud-
ies. Its relatively few organs are easily delineated and there is sufficient un-
derstanding of their functions based on classical assays to support
interpretation of advanced spectroscopic approaches. Here we apply high-
resolution proton and carbon nuclear magnetic resonance (1H and 13C
NMR)-based metabolomic analysis to Eastern oyster C. virginica and fresh-
water mussel Eastern Elliptio E. Complanata to investigate the variation in
the metabolic profile of different organ groups. MRI was used to non-
invasively identify the morphology of the organs. In vivo MR spectra can
be obtained from single region of interest (ROI or voxel) or multiple ROI si-
multaneously using the technique typically called chemical shift imaging
(CSI). Here we also report applications of CSI to marine samples and describe
the use of the technique to study in vivo glycine metabolism in oysters using
13C MRS.
A biochemical schematic is presented that relates metabolites to biochemical
pathways correlated with physiological organ functions.
3279-Pos Board B384
Paramagnetic Contributions to Nuclear Spin-Lattice Relaxation in
Proteins
Robert G. Bryant, Galina Diakova, Yanina Goddard, Jean-Pierre Korb.
Paramagnetic contributions to spin-lattice relaxation rate constants are very
useful in providing long-range distance constraints for structural determina-
tions by NMR and also for controlling image contrast in clinical MRI proto-
cols. When a radical with a long electron-spin-relaxation time is bound to
a protein, the paramagnetic contribution to the water-proton-spin-lattice-
relaxation rate is larger than predicted by usual theory. We show that this ex-
cess nuclear spin relaxation efficiency results from long-lived-bound water
molecules for which the electron-nuclear coupling is correlated with the
long rotational correlation time of the protein. Because the correlation time
is so long compared with the relative translational correlation times, even dis-
tant water molecules make significant contributions and increase the relaxa-
tion efficiency of the paramagnetic center. If the rotational motion of the
protein is stopped, as in a solid protein, a protein gel, or a tissue, the paramag-
netic contributions to relaxation are both qualitatively and quantitatively
changed from the solution limit. The spin-lattice relaxation for different para-
magnetic systems may be understood in terms of the intrinsic dynamics of the
protein and the spin dynamics of the paramagnetic center, which depends on
the identity and magnetic characteristics of the paramagnetic center. These
different effects are important for applications to magnetic imaging and struc-
ture determination by solid state NMR.
